Various conditions and several kinetic behaviors of the aldol condensation reaction of propanal (PA) catalyzed by the amino group of glycine (Gly) have been investigated. The rate of Gly consumption during the reaction of PA-Gly system was fairly slow . The rate of disappearance of PA was in a first order term with respect to the initial concentration of PA , and that of 2-methyl-2-pentenal (MP) which was the condensation product of PA was very slow, suggesting poor reactivity of MP. An activation energy of 10.9 kcal/mole was calculated. It is deduced from the rate expression of MP formation,
It is known that amino groups exert a pronounced catalytic effect on the aldol con densation reaction of carbonyl compounds." This reaction easily occurs under the neutral condition, or its vicinity, of aqueous solution at room temperature." In connection with these facts, it should be noted that amino group-catalyzed aldol condensation reaction of carbonyl compounds which are formed by lipid oxidation and/or the Strecker degradation of amino acids occurs in various foodstuffs. Burton et a1.3, 4) showed that the development of the resulting a,#-unsaturated carbonyls was probably the first step of browning reaction in various food systems. On the other hand, the resultant a, fl-unsaturated carbonyls may be participated as flavor compounds.
In our earlier works',') on phospholipids browning and formation of flavor compounds, the aldol condensation reaction catalyzed by the amino group of phosphatidyl ethanolamine was found to play an important role. We further elucidated recently that the long chain (C.-C,,), 2,3-dialkyl acroleins were formed in chicken, pork and beef by heat treatment" and were produced by the aldol condensation reaction of fatty aldehyde via hydrolysis of plasmalogens.8) Montogomery solution (1 nil) and 2 % DNFB in ethanol (3 ml) for 1 hr at 40°C. After removal of excess DNFB with ether, the aqueous layer was acidified with 5 ml of 5 % hydrochloric acid and diluted with water to 100 ml, and absorption at 410 nm (s=6,050) was measured. b) Determination of PA and MP. Two milliliters of the reaction mixture was heated in a glassstoppered 20 ml test tube with 2 ml of 3 % HCl-methanol con taining 2% DNPH for 1 hr at 50°C. After the reaction was added 10 ml of chloroform-methanol (1: 1, v/v), and the mixture was subsequently shaken. Then, 50 microliters was chromatographed on TLC (Silicagel G) with n-hexan-ethyl ether (80: 20, v/v). PA-DNPH, MP-DNPH and the excess of DNPH were completely separated (Rf values, 0.55, 0.85 and 0.00, respectively). Each spot of the DNPH derivatives was scraped off and extracted with 5 ml of chloroform, and the concentra tions of DNPH derivatives of PA and MP were determined from the absorbances at 358 nm (e=21,600) and 377 nm (x=29,000), respectively.') 4. Preparation of reaction mixtures. The desired amounts of the phosphate buffer solutions of Gly and PA were mixed in a sealed test tube and heated in a temperature-controlled water bath (±0.1 °C). After heating for a given reaction time, pH was checked, and the reaction mixtures were subjected immediately to the above procedure for determination of PA and MP.
RESULTS AND DISCUSSION
Reproducibility of the reaction
The results of the analysis of Gly, PA and MP concentrations in five samples reacted under the same conditions (PA, 1/15 M; Gly, of curve at 0.005 M of MP concentration. In a similar fashion, the initial rates of reaction at pH 6.0 and 7.5 were evaluated, and the results of these experiments are shown in Table II . The effect of temperature on the rate of reac tion was revealed by the Arrhenius plot of logarithm of the rate constants vs. the recipro cal of the absolute temperature, T (Fig. 5) . Linear relationships were obtained in the pH 6.0 7.5 region, and good agreement was further observed among the slopes in this pH region. The energies of activation (Ea) were calculated for the slopes of the lines derived by the formula Ea=-2.3026R (slope), and the (Fig. 8) . The values of the slopes of Fig. 8 can be approximately taken as integers of unity over the temperature. This result suggests that the rate of the aldol conden sation reaction of PA catalyzed by Gly is firstorder term with respect to the Gly concen tration. On the other hand, when log (d[MP]/ dt) is plotted against log (initial concentration of PA), nearly linear relationships are obtained (Fig. 8) . The values of the slopes of where, k,, k_,, k2, k-2, k3, and k-3 are rate constants, and P is aldol condensation product. A steady state being assumed, the rate ex pression is simplified to
It has been presumed that the rate limiting step was the step of formation of C-C bound (eq, 3) 2,13,14,19) but our experimental results, described in this paper, on Gly catalyzed aldol condensation reaction of alkanal suggested that the step of protonated Schiff base to enamine (eq. 2) would also a rate limiting step. It has been assumed that the formation of enamine from protonated Schiff base is pre sumable subject to general base catalysis.", 20) Therefore, the pH-dependence of the rate was probably due to not only the concentration of unprotonated primary amine of Gly but the rate of the formation of enamine.
Influence of the ionic strength
The relationship between the ionic strength and the rate of reaction is shown in Fig. 9 . The ionic strengths of the reaction solutions were adjusted with KCl, and the rate was found to be little affected by the ionic strength in the range from 0.15 to 1.15. Therefore, the rate of this reaction which is considered to occur in various foods seems to be little 
